3-D gel culture and time-lapse video microscopy of the human vestibular nerve.
3-D culture of Human Vestibular Nerve

30
and Demonstration EU-FP7-NMP-2011-Small-5 "NANOCI", Project no: 281056. 
31
Abstract
32
Conclusions: Human inner ear neurons can be grown in 3-D in a gel and documented with time-33 lapse video microscopy (TLVM). The technique is valuable for experimental investigations of 34 human inner ear neuron signaling and regeneration. 
80
In this paper adult human SVG were successfully cultured as explants in a 3-D matrix in parallel 81 with human progenitor nerve cell culture and animal experiments to establish a new source of 82 human material for in vitro studies on the auditory system.
83
Materials and Methods
84
Media composition
85
Complete 1:1 DMEM:F12 media (Gibco, Paisley, Scotland) contains N2 (1x, Gibco) and B27 86 supplements (1x, Gibco) as well as 1 mM of L-glutamine (Gibco), 50 ng/mL heparan sulfate 87 (Sigma Aldrich, Seelze, Germany) and 0.04 % gentamicine (Gibco). 20 ng/mL epidermal growth 88 factor (EGF, R&D Systems, Minneapolis, USA), 10 ng/mL fibroblast growth factor, (FGF, 89 Millipore, Billerica, USA) and 50 ng/mL insulin-like growth factor (IGF, Sigma) were also 90 added. The media composition has previously been used to culture inner ear derived cells from 91 both mice and humans (12, 13). 
105
Pieces containing the ganglion were washed three times in phosphate buffered saline (PBS, 106 Gibco) and then either directly encapsulated in a gel or digested for 10 min in 0.25 % 107 Trypsin/EDTA. Trypsin was inactivated with DMEM (Gibco) containing 10 % serum (Gibco).
108
After centrifugation the supernatant was removed and cooled gel suspension was added to the 109 digested tissue. For explant cultures Matrigel™ (Growth factor reduced Matrigel™, BD
110
Biosciences, San Jose, USA) was mixed 1:1 with complete DMEM/F12; final Matrigel™ 111 concentration was 3.9 mg/mL. The gel suspension was prepared on ice. 8 well chambered slides were used where the piece of tissue was placed centrally and covered by 100 µL of gel 113 suspension. After the gel had set for 30 min at 37 °C and 5 % CO 2 , 300 µL of complete 114 DMEM/F12 media was added. After 24 hours the media was replaced with complete Neurobasal 115 media to stimulate neural outgrowth. Media was replaced every 2 -3 days. SVG were obtained 116 from three patients and divided into 9 explants which were cultured for up to 8 days in the 117 described conditions before being fixated for 30 min in 4 % paraformaldehyde.
118
Studies of hNPC, guinea pig and mouse spiral ganglion
119
A commercially available (ENStem-A, Millipore) human neural progenitor cell line (hNPC) was 120 cultured as previously described (14). Before gel encapsulation, hNPC were maintained in 
Time-lapse video microscopy 141
An inverted Nikon TE2000-E microscope (Nikon, Tokyo, Japan) equipped with CO 2 -incubator 142 ( Figure 1D) The cultured explants were fixated using 4% paraformaldehyde (PFA) solution at room 151 temperature for 30 min, followed by washing with 1x PBS and where then either stained as a Anti-Rabbit A11008; Donkey anti-Rabbit, A21206) which was dissolved in 2 % BSA/PBS.
166
Secondary antibodies were applied and incubated for 3 hours in room temperature. Another 3 x 5 167 min washing with PBS followed before samples were mounted with Vectashield Mounting
168
An inverted three color (358, 461 and 555 nm) fluorescence microscope equipped with three laser 170 confocal system (C1, Nikon) was used for image capturing (TE2000-E, Nikon).
171
Results
172
3-D culture of human superior vestibular ganglion
173
Explants from all three patients grew when placed in Matrigel™ under the described culture 174 conditions. However, no obvious difference was observed between trypsin-digested tissue and explant actually contained the ganglion after the specimen had been sectioned and stained.
222
Trypsinization was used as it could be advantageous to loosen up the epineurium sheet to 223 facilitate neural outgrowth but we found no connection between digestion and amount of 224 outgrowth in neither human SVG cultures nor animal SG cultures. In the end outgrowth will be 225 determined by the content of each individual explant.
226
The Matrigel™ had a stimulating effect on neural growth along with the added neurotrophins, but 227 supporting cells lining neural cell bodies and axons will continue to provide stimulus throughout 228 the culture and will also shield neural cell bodies from external cues. Likely, the stimulating 229 effects were further boosted by residual growth factors in the Matrigel™. As it is derived from As an alternative, 3-D type-I-collagen gels have been used to study and maintain organization of 236 neural networks and neurons/glial cell interaction as well as functional synapses and CNS stem 237 cell differentiation, but these gels also contain cell-or tissue derived components (15-17) .
238
Modifying gels using synthetic laminin motif isoleucine-lysine-valine-alanine-valine (IKVAV) image from the TLVM is shown in figure 3 . Scale bar is 500 µm. 
